Background: There are several reports indicating a decrease of ethanolamine plasmalogen (pl-PE) in brain tissues and in serum of patients with Alzheimer's disease (AD). The present study aimed to examine the composition of erythrocyte phospholipids including pl-PE in patients with AD. Method: A high-performance liquid chromatography (HPLC) method that can separate intact plasmalogens and all other phospholipid classes by a single chromatographic run was used. Results: The ratios of pl-PE, phosphatidylethanolamine (PE) and phosphatidylserine (PS) to sphingomyelin were low as compared to those of the age-matched controls. Conclusion: These changes in erythrocyte phospholipids may reflect changes induced by oxidative stress, indicating the presence of high oxidative stress in the peripheral blood of AD patients.
Introduction
Alzheimer's disease (AD) is the most common cause of dementia in the elderly. As life expectancy increases, AD is becoming a major health problem worldwide. Several reports indicate the decrease of ethanolamine plasmalogen (pl-PE) in the brain tissues of AD patients [1] [2] [3] . It was also reported that pl-PE decreased in the serum of AD patients and that Published online: August 15, 2012 
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the decrease of pl-PE in the serum correlated with severity of dementia [4, 5] . Plasmalogens in animals are primarily present in the cell membrane of tissues, hence, blood cells in the peripheral blood contain a much higher amount of pl-PE than serum. We previously reported on high-performance liquid chromatography (HPLC) which can separate intact plasmalogens and all other phospholipids by a single run [6] . The HPLC method detects only traces of pl-PE of human serum, but the method clearly detects pl-PE of the human erythrocyte [6] . Several abnormalities in the erythrocytes from patients with AD have been reported [7] [8] [9] [10] [11] , but a possible abnormality of erythrocyte pl-PE has not been tested hitherto. In the present study, we measured phospholipid composition including pl-PE of erythrocytes from patients with AD compared to age-matched control subjects.
Subjects and Methods

Subjects
Sixteen subjects with AD and 15 age-matched normal control subjects were enrolled at the Department of Neurology, Fukuoka University Hospital, Fukuoka, Japan. The study was conducted according to the Declaration of Helsinki and was approved by the Institutional Review Board of Fukuoka University Hospital. AD was diagnosed clinically including Mini-Mental State Examination (MMSE) score. Subjects with a high ratio ( 1 2) of low-density lipoprotein to high-density lipoprotein, obesity, hypertension, and high blood sugar levels were excluded from the control group, and subjects with high C-reactive protein ( 1 1 mg/100 ml) were excluded from either group. Age, gender, and MMSE score are reported in table 1 . Serum total cholesterol, low-density lipoprotein, high-density lipoprotein, triglyceride, blood sugar levels, and C-reactive protein in AD patients were statistically not different from the control group.
Preparation of Erythrocytes
Venous blood of the subjects who had fasted overnight was drawn into tubes containing EDTA-2Na. The blood was cooled in an ice bath and was kept in a refrigerator, and it was processed within 48 h. Plasma and buffy coat were removed after centrifugation at 1,000 g for 5 min at 4 ° C, and the erythrocytes were washed three times in cold isotonic saline at 1,000 g for 5 min at 4 ° C. A small portion of the top layer was removed at each washing.
Determination of Lipid Composition of Erythrocytes
Extraction of lipids from erythrocytes was essentially performed according to the method reported by Mawatari et al. [6] and Dise et al. [12] . Briefly, 500 l of the packed erythrocytes was hemolyzed with an equal volume of 10 m M phosphate buffer (pH 7.4). Four milliliter of methanol was added to the lysate followed after 40 min by 4 ml chloroform. After an additional 30 min, the extract was centrifuged and the residue was re-extracted with 4 ml Methanol and chloroform used in the extraction of lipids contained butylhydroxytoluene (50 mg/l). Pooled extracts were washed with 10 ml of 50 m M KCl to make a biphasic mixture. One milliliter of the lower phase of the lipid extract was dried under N2 gas. Separation of phospholipid classes including plasmalogens by HPLC was done by our reported method [6, 13] . The HPLC system used was an Agilent HPLC system (Agilent Technologies, Tokyo, Japan) equipped with an evaporative light-scattering detector. The system was connected to a Chem Station (Agilent Technology) for control and analysis of chromatograms. The dried total lipids were dissolved in 200 l hexane/2-propanol (1: 1, v/v) and, after filtration through a 0.2-m filter, 20 l was injected into the HPLC system.
Statistical Analysis
We analyzed the data using a paired t test (two-tailed) with p ! 0.05 used for significance.
Results
Erythrocyte membrane phospholipid classes including pl-PE and cholesterol was simultaneously detected by a single run of the HPLC ( fig. 1 ). Relative composition of phospholipid classes was calculated on the basis of each chromatographic area, and then the ratios of glycerophosphospholipids to sphingomyelin (SM) were calculated ( table 2 ). The ratio of pl-PE to SM decreased in AD as compared to the control group ( table 2 ). The ratio of phosphatidylethanolamine (PE) and phosphatidylserine (PS) to SM also decreased. The ratio of phosphatidylcholine (PC) to SM was not changed. 
Discussion
Circulating human erythrocytes have no intracellular organelle, hence, lipids are present only in the plasma membrane. Therefore, the lipids extracted from the washed erythrocytes indicate the lipids of the erythrocyte membrane. SM in the human erythrocyte membrane contains few polyunsaturated fatty acids (PUFAs); on the other hand, PS contains a high amount of docosahexaenoic and arachidonic acid [13, 14] . In the human erythrocyte membrane, PS contains a higher amount of PUFA than PE, and PC contains a much lower amount of PUFA than PS and PE [13, 14] . It is known that phospholipids containing a high amount of PUFA are prone to oxidative stress [15, 16] . Actually, our previous reports showed that relative composition of SM and PC increased in contrast to PS, PE, and pl-PE, when human erythrocytes were incubated with tert -butyl hydroperoxide (tBHP) [6] . Therefore, the ratio of each glycerophospholipid to SM is a good indicator of the degree of peroxidative change of each glycerophospholipid [6, 14] .
Human erythrocyte pl-PE was composed of a higher amount of PUFA than PS and PE in our previous study [13] , and actually the decrease of pl-PE in human erythrocytes due to oxidation with tBHP was about twice as much as that of PE and PS [6] . In the present study, degree of decrease of pl-PE was the highest among glycerophospholipids and, degree of decrease of PS was higher than that of PE ( table 2 ) . PC was not decreased. These results were very similar to the results of oxidation of human erythrocytes with tBHP [6] . Hence, the changes in the erythrocyte phospholipids in AD seem to reflect the changes by oxidative stress.
Many of the reports on possible peripheral biomarkers for AD indicated the presence of high oxidative stress in serum and erythrocytes of AD patients [10, [17] [18] [19] [20] [21] ; however, the source of oxidative stress in serum and erythrocytes is not necessarily clear. The presence of abnormal amyloid ␤ -peptide in the blood of AD patients has been reported [22] [23] [24] , and the interactions of amyloid ␤ -peptide with erythrocytes have been indicated in AD [25] [26] [27] [28] . Jayakumar et al. [25] reported that incubation of amyloid ␤ -peptide with human erythrocytes resulted in binding of amyloid ␤ -peptide to erythrocytes and that the process oxidized the erythrocytes. Nakagawa et al. [28] recently reported that both the incubation of human erythrocytes with amyloid ␤ -peptide and the injection of amyloid ␤ -peptide in mice resulted in binding of amyloid ␤ -peptide to the erythrocytes and that both experiments induced peroxidation of erythrocyte phospholipids. Hence, amyloid ␤ -peptide may be a source of oxidative stress in the blood of AD patients.
The present results showed an abnormal phospholipid composition of erythrocyte membranes in the AD group, indicating the presence of high oxidative stress in the circulating blood as compared to the age-matched non-demented group. 
